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Abstract 
Microscopic traffic simulation is often used as an alternative or complementary tool to analytical methods and procedures for 
level-of-service analyses of road traffic facilities. The increased usage of traffic simulation for level-of-service analysis has raised 
a need for guidelines on how to apply and use traffic simulation models. Many countries have developed or are currently devel-
oping traffic simulation guidelines. This is also the case in Sweden, were the new Swedish highway capacity manual will include
a chapter on traffic simulation. This paper presents a survey of the current traffic simulation guidelines in USA, Germany, UK,
Denmark and Sweden. The guidelines have been analysed with respect to the aspects covered: when to apply simulation; the 
workflow of a simulation study; data collection needs; calibration and validation; experimental design; statistical analysis; and 
calculation of level-of-service measures. The guidelines analysed are focused on different aspects and none of them covers all of
the topics listed above. Some of the guidelines are connected to specific simulation software packages and some are written in a
more general manner. Most of the aspects covered are general and applicable in any country. The main reason for developing 
country specific guidelines is often a need for guidelines in the local language. Experimental design and statistical analysis are 
not treated extensively in the guidelines; neither do the guidelines discuss how to deal with calibration based on limited real
world measurements. Calculation of level-of-service measures are quite extensively treated in some of the guidelines and to a 
little extent in others. All of the guidelines contain important contributions for the simulation chapter of the new Swedish high-
way capacity manual. 
© 2011 Published by Elsevier Ltd. 
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1. Introduction 
Traditionally, level-of-service analyses of road traffic facilities have been conducted using analytical methods 
and procedures.  Descriptions of these methods are commonly found in highway capacity manuals, the most widely 
used example is probably the US Highway Capacity Manual (HCM) (Transportation Research Board, 2000). Ana-
lytical highway capacity manual methods provide simple and straightforward procedures to assess the performance 
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of road traffic facilities. However, the methods are, in many cases, not suitable to analyse traffic dynamics and im-
pacts of high degrees of saturation such as queue spillback to upstream facilities. Today, the seemingly ever-
increasing traffic volumes have led to congestion on the roads in large parts of the urbanized world. Intelligent 
Transportation Systems (ITS), e.g. systems for motorway control and advanced vehicle actuated traffic signal sys-
tems, have been introduced to manage the traffic demands. The dynamics of the traffic flow is often crucial for the 
performance of ITS. Increasing traffic demands and the introduction of ITS are two of the driving factors behind the 
rising usage of traffic simulation for level-of-service analysis. Traffic simulation gives a possibility to analyse new 
technologies such as ITS and road traffic facilities under various degrees of saturation. Traffic simulation is also 
used as a tool to generate speed-flow relationships for analytical highway capacity manual methods, see e.g. the 
work of Brilon and Weiser (2006). 
Traffic simulation models are general purpose traffic analysis tools. As a consequence, application of traffic 
simulation place strong requirements on the competence of the analyst and there is a need for guidelines on how to 
conduct traffic simulation based studies. This need has led to the development of traffic simulation guidelines in 
several countries, e.g. the USA (Dowling, Skabardonis and Alexiadis, 2004), Germany (Forschungsgesellschaft für 
strassen- und verkehrswesen, 2006), the UK (Highways Agency, 2007), Denmark (Vejdirektoratet, 2010) and Swe-
den (Archer and Cunningham, 2005; Archer, Lord and Persliden, 2008). In Sweden, there is an on-going develop-
ment of a new highway capacity manual; guidelines for application of traffic simulation will be integrated into the 
new Swedish highway capacity manual. The aim of this paper is to present a survey of the current traffic simulation 
guidelines referred to above and to give an overview of how contributions from the these guidelines will be utilized 
in the development of the traffic simulation part of the new Swedish highway capacity manual. This paper is fo-
cused on guidelines for microscopic traffic simulation, i.e. simulation of the movement of, and interaction between, 
individual driver/vehicle units. Traffic simulation will therefore hereafter be used as an abbreviation of microscopic 
traffic simulation. In addition to guidelines for applying traffic simulation, there is abundant literature on specific 
aspects of the use of traffic simulation, in particular on calibration of traffic simulation models (see e.g. Hollander 
and Liu, 2008). Since the focus of the review presented in this paper is on guidelines for applying traffic simulation, 
such literature on specific aspects of the use of traffic simulation will not be covered. 
The remainder of this paper is organised as follows. Section 2 gives an overview of the tasks in a traffic simula-
tion study. A survey of current traffic simulation guidelines with respect to these tasks is presented in section 3. Sec-
tion 4 introduces the traffic simulation part of the new Swedish highway capacity manual. Conclusions are given in 
section 5. 
2. Traffic simulation based level-of-service analysis 
A traffic simulation study consists of the following tasks:  
1. formulation of the aims and scope of the study,  
2. input data collection,  
3. construction of the simulation model,  
4. model verification,  
5. model calibration,  
6. model validation,  
7. alternatives analysis and  
8. documentation.  
These tasks are common to simulation based studies in other domains (see e.g. Law, 2007). 
In a traffic simulation study, formulation of the aims and scope of the study involves determination of the traffic 
system and the alternative solutions to be analysed. The delimitations of the study, both in terms of time period for 
the analysis and study area coverage, are also formulated in this first step of the study. Another important issue in 
this step is to decide on the traffic analysis method to be used. Traffic simulation is one alternative method. Another 
alternative is the analytical highway capacity manual methods described in the introduction of this paper. It may also 
be necessary to use a combination of different traffic analysis tools, e.g. use of traffic simulation to generate speed-
flow relationships for macroscopic traffic analysis. 
Johan Olstam and Andreas Tapani / Procedia Social and Behavioral Sciences 16 (2011) 771–780 773
Input data collection involves collection of information about the real system and the alternatives to be analysed. 
The data needed includes details about the road network to be simulated, the traffic control in the network and the 
traffic demand. Data from traffic measurements in the real system are needed for calibration and validation of the 
simulation model. 
Traffic simulation studies are commonly conducted using dedicated traffic simulation software packages. The 
model construction task consists of building a software representation of the traffic system to be analysed using a 
suitable traffic simulation software package. Network coding, including details of the road network and the traffic 
control, and specification of the traffic demand are parts of this task. 
Model verification is the part of the project in which the constructed simulation model is checked for logical er-
rors. In other words, the analyst verifies that the model is functioning as intended. If errors are discovered during the 
model verification task, it is necessary to go back to the model construction task and modify the simulation model. 
When the model is functioning as intended, the next step of the study is to calibrate the model. Model calibration 
is the process of adjusting the parameters of the model in order to make the model representative of the real traffic 
system. Model calibration is an iterative process in which; 
1. the simulation model is executed,  
2. the results from the simulation are compared with data from traffic measurements in the real traffic system 
and
3. parameters of the simulation model are adjusted to improve the agreement between simulation results and 
the measured data.  
The model calibration task is completed when the agreement between the simulation results and the measured data 
is deemed as satisfactory based on a chosen criterion, e.g. a desired confidence level.  
After the model calibration task, the simulation model does, by the definition of calibration, agree with the traffic 
data used in the calibration process. Model validation is the process of checking that the model is representative, not 
only of the data used for model calibration but also, in more general terms, of the traffic system to be analysed. In 
practice, the model validation task consists of comparing the results produced by the calibrated simulation model to 
a set of real world traffic measurements not used during the model calibration. If unacceptable differences between 
the model results and the validation data set are found, it becomes necessary to go back to the model construction 
task or the calibration task and modify the model or its parameters.  
The model is ready to be applied for alternatives analysis after validation. Alternatives analysis is the task in 
which the simulation model is applied to compare the performance of alternative solutions for the traffic system 
under consideration in the study. The alternatives are compared with respect to performance indicators derived from 
the simulation results. For level-of-service analyses, examples of important performance indicators include speeds, 
queue lengths and time spent following. 
The final step in a traffic simulation study is to document the work performed. Important issues to be considered 
in this task are to present the assumptions made and to give information about uncertainties in the simulation results.  
To sum up this section, the workflow of a simulation study is illustrated in Figure 1. 
Formulation of 
aims and scope of 
the study
Input data 
collection
Construction of 
the simulation 
model
Model
verification
Model calibration Model validation
Alternatives 
analysis
Documentation
Figure 1 Simulation study workflow
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3. Guidelines for specific parts of a traffic simulation study 
This section presents a survey of current guidelines for traffic simulation. The findings of a literature search of 
guidelines for traffic simulation were reports published in the USA (Dowling et al., 2004), Germany (Forschungsge-
sellschaft für strassen- und verkehrswesen, 2006), the UK (Highways Agency, 2007), Denmark (Vejdirektoratet, 
2010) and Sweden (Archer and Cunningham, 2005; Archer et al., 2008). Simulation as an alternative to the highway 
capacity manual methods is discussed in a dedicated chapter of the HCM (Transportation Research Board, 2000). 
This section presents an analysis of these reports with respect to the guidance given for the workflow of the study 
and the following tasks in a traffic simulation study; formulation of the aims and scope of the model, input data col-
lection, construction of the simulation model, model verification, model calibration, model validation, alternatives 
analysis and forecasting future traffic demands. In addition to these tasks, the guidelines for the workflow of a traffic 
simulation study are also analysed. 
3.1. The work flow 
The typical workflow in a traffic simulation study is described in Section 2 and illustrated in Figure 1. This sec-
tion gives an overview of the guidance given on the organisation of traffic simulation studies. Most of the steps de-
scribed in Section 2 are included in the guidelines. Dowling et al. (2004) describes seven major tasks in a traffic 
simulation study. The main difference between these tasks and the eight tasks shown in Figure 1 is that model vali-
dation is not included by Dowling et al. (2004). Dowling et al. only discuss validation of the traffic simulation tool 
being used through previous comparisons with real data. A grouping of task into; work prior to actual modelling, 
initial modelling, calibration and model application is also made by Dowling et al. (2004). Work prior to actual 
modelling includes the tasks of defining the aims and scope and input data collection. Initial modelling includes 
construction of the simulation model and the model verification task. Calibration refers to the calibration task as 
described in Section 2. Model application consists of the alternatives analysis and the documentation task. 
The Highways Agency (2007) also divides a traffic simulation study into seven main tasks. The only difference 
between the task division of the Highways Agency (2007) and the workflow of Section 2 is that the alternatives 
analysis and the documentation tasks have been grouped into one task by the Highways Agency (2007). 
A more detailed description of the workflow is given by Vejdirektoratet (2010). The aims and scope task is by 
Vejdirektoratet (2010) divided into three tasks;  
1. specification of the objectives by the buyer of the study,  
2. discussion between the buyer and the consultant about the traffic analysis method to be used and the need for 
input data and  
3. the buyer and the consultant agree on the scope of the study and the traffic analysis tool to be used.  
After these three preliminary tasks follows a combined model construction and model verification task. Another 
difference between the workflow description given by Vejdirektoratet (2010) and the tasks included in Figure 1 is 
that the alternatives analysis task is divided into a preparation task, a simulation task, a task for verification of the 
simulation runs and a task for analysis of the simulation results.  
Forschungsgesellschaft für strassen- und verkehrswesen (2006) presents a workflow description starting with the 
formulation of the aims and scope task and a model construction task. These two tasks are followed by a detailed 
description of the model calibration and validation tasks based on the number of data sets available for the calibra-
tion and validation. Following the calibration and validation is a simulation experiment task corresponding to the 
alternatives analysis task in Figure 1 and finally the documentation task. 
In summary, the guidance given in the literature related to the organisation of a traffic simulation study is similar 
to the workflow presented in Section 2. The main differences found are in the level of detail in the presentation and 
in the treatment of the model calibration and validation tasks. A benefit of giving a detailed description of the work-
flow is that the analyst may use the workflow description as check list to ensure that all tasks are taken care of. 
However, a more detailed description of the workflow may also make it more difficult to get an overview of the 
main tasks to be performed. It can therefore be motivated to include both a high level and a more detailed workflow 
description in the guidelines. Some of the guidelines include a validation task in the workflow and some do not. The 
validation task will be discussed in more detail in Section 3.6.  
3.2. Aims and Scope 
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A survey of guidelines related to the task of formulating the aims and scope of the study is given in this subsec-
tion. The first step of a study is to define the aims. Dowling et al. (2004) states that the aims of the study should give 
information on why the study is needed, what the study questions are and who the recipients of the results are. A 
description of the alternatives to be analysed is mentioned as a part of the study questions. It is emphasized that fo-
cused aims should be strived for. The importance of focused aims is also mentioned by the Highways Agency 
(2007). Archer and Cunningham (2005) present a detailed list of questions that need to be answered when deciding 
on the appropriate type traffic analysis tool. The questions in this list that are related to the aims of the study are 
similar to the requirements formulated by Dowling et al. (2004). 
When the objectives of the study have been decided on, the next step is to define the geographical and temporal 
scope of the analysis. In general terms, the guidelines are that the scope should cover the influence area of the facil-
ity and all possible congestion areas (Dowling et al., 2004; Archer and Cunningham, 2005; Forschungsgesellschaft 
für strassen- und verkehrswesen, 2006). Dowling et al. (2004) describes the problem of defining the scope of the 
analysis as a trade-off between the aims of the study and the available resources. An issue recognized by the High-
ways Agency (2007) is that a desire to include the entire influence area of a facility may result in a need to continu-
ously increase the scope of the analysis to cover impacts further and further away from the main focus area of the 
analysis. The temporal scope of the model should include the entire peak period and the time until dissipation of all 
queues in the network to ensure that no congestion remains in the network at the end of the simulation. If a narrower 
temporal scope is selected it becomes difficult to draw conclusions about, e.g. peak hour travel times. These re-
quirements on the temporal scope of the simulation are discussed by Dowling et al. (2004). 
A technical issue, related to the geographical and temporal scope of the analysis, is that it is necessary to model a 
larger area and a longer time period than the area and time period required for the analysis. This issue is recognised 
by e.g. Archer and Cunningham (2005) and discussed in detail by Vejdirektoratet (2010). The reason for this re-
quirement is twofold. Firstly, the simulated traffic network is empty at the start of the simulation and there is conse-
quently a need to use a warm-up period to fill the network with vehicles before the data collection is started. 
Secondly, to ensure representative vehicle arrival patterns to the area of interest, a larger area can be included in the 
model to allow formation of vehicle platoons. 
Given the aims and scope of the study, it is possible to decide on type of traffic analysis tool to use in the study. 
Guidelines to assist the choice of traffic analysis tool is commonly given in the form of a general description of the 
types of studies for which application of traffic simulation can be considered. The Highways Agency (2007) states 
that traffic simulation is suitable to analyse networks that are operating close to capacity and situations in which 
there are many interactions between ‘elements in the network’ that have an impact on driver behaviour. Vejdirektor-
atet (2010) states that traffic simulation should be considered for types of applications that are not possible to study 
using other types of traffic analysis tools. A list of examples of such types of applications is also provided by Vejdi-
rektoratet (2010). Instead of describing capabilities, Archer and Cunningham (2005) give a list of the limitations of 
traffic simulation. Interestingly, representation of traffic facilities operating close to capacity is included in this list 
of limitations. No motivation to the models’ inability to represent networks operating close to capacity is given by 
Archer and Cunningham. Dowling et al. (2004) gives guidelines for the choice of traffic analysis tool with respect to 
the scope of the study. It is stated that “tight geographic focus, little tolerance for error and little differences in the 
performance of the alternatives will tend to point to microsimulation”.  
Traffic simulation should not be viewed as an isolated type of traffic analysis tool. Depending on the aims and 
scope of the study it may be necessary to use a combination of traffic analysis tools. Dowling et al. (2004) observes 
that a combination of traffic simulation and travel demand modelling may be needed to study scenarios including 
future traffic demands. The guidance of the Highways Agency (2007) is that traffic simulation can be used to pro-
vide input data to more aggregate macroscopic traffic analysis tools. 
3.3. Data needs 
The guidance given related to the need for input data is described in this section. The different types of input data 
needed for a traffic simulation study are:  
x Road network data 
x Traffic control data 
x Demand data 
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x Calibration and validation data 
Road network data includes the network topology and details about the links and nodes in the network, i.e. lane 
configurations and road alignment. Traffic control data includes traffic signal timings, signs, priority rules and ITS 
data. The demand data consists of an origin-destination trip matrix or entry traffic volumes and turning percentages 
at the intersections. Information about the vehicle type composition in the traffic flow is also needed. If the network 
to be simulated contains public transport lines it also necessary to have data describing the public transport system. 
An important issue when applying dynamic traffic models such as traffic simulation is that the demand data needs to 
be time sliced to reflect the dynamics of the traffic, e.g. the variation in demand during the day. Calibration and 
validation data are data from real world traffic measurements, i.e. performance indicators such as traffic counts, 
speeds, queues and travel times. 
Dowling et al. (2004) gives a description of the necessary input data that is similar to the bullet list above. Refer-
ences to guides on collection of traffic data, including HCM (Transportation Research Board, 2000), are given to 
assist the data collection task. An important issue that is noted by Dowling et al. is that traffic counts and traffic per-
formance must be measured simultaneously. It is, for obvious reasons, not reasonable to use performance indicators 
not corresponding to the traffic demand for the model calibration. The Highways Agency (2007) gives more detailed 
guidance on the need for input data. Different types of input data are discussed in detail and advice on the data col-
lection is given. An interesting issue discussed by the Highways Agency is the need for the analyst to observe the 
existing conditions on the site that is to be simulated. The advice given is that “modelling should not be carried out 
by staff who have not visited the location in question”. A table giving a good overview of the need for input data is 
presented by Archer and Cunningham (2005). This table summarizes the different types of input data needed and 
gives specific examples for each type of data. Vejdirektoratet (2010) focus on the variation in the traffic demand and 
on the choice of design hour.  
It is noted by, e.g., Dowling et al. (2004) and Archer and Cunningham (2005) that the need for input data will dif-
fer depending on the software used and the aims and scope of the study. Detailed analyses and wide temporal and 
geographical scopes will require large amounts of input data compared to more focused and less detailed analyses. 
Archer and Cunningham (2005) state that data collection is both expensive and crucial since the simulation results 
rely heavily on the quality of the input data. Not enough data for model calibration is a common problem (Dowling 
et al., 2004). To conclude this section, input data collection is a key task in a traffic simulation study that is given 
significant attention in the guidelines. No significant differences in the guidelines with respect to the input data re-
quirements were identified. 
3.4. Model verification 
Model verification is the process of reviewing the implementation of the simulation model and making sure that 
it is functioning as expected. This error checking process is by Vejdirektoratet (2010) and Forschungsgesellschaft 
für strassen- und verkehrswesen (2006) treated as a part of the model construction task. Archer and Cunningham 
(2005) include model error checking as an integrated part of the calibration task.  
Dowling et al. (2004) describe the model verification as an essential task to avoid problems during the model 
calibration. Errors in the simulation model may result in use of parameter values that are determined, not by the traf-
fic conditions that the model is built to represent, but to compensate for the errors. The Highways Agency (2007) 
gives a similar motivation for the verification task.  
Both Dowling et al. (2004) and the Highways Agency (2007) suggest that the verification task should include the 
following three subtasks: 
x Software error checking 
x Input coding error checking 
x Animation review 
Software error checking consists of making sure that all known bugs in the software are taken into account. Soft-
ware users’ forums on the internet are useful for this subtask. Input coding error checking is the process of checking 
and correcting discrepancies between the input data, in terms of the network, the traffic control and the demand, and 
the implemented simulation model.  The animation review consists of reviewing the animation of the simulation in 
order to discover errors not found in the two previous sub-tasks. 
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3.5. Model calibration 
The model calibration task is given significant attention in all of the guidelines. Archer and Cunningham (2005) 
present a set of detailed and specific recommendations for how to conduct the model error checking and calibration. 
Dowling et al. (2004) take a more general approach to the guidance given for the calibration task. The following 
procedure in three steps is suggested by Dowling el al. (2004);  
1. traffic capacity calibration,  
2. route choice calibration and  
3. traffic performance calibration.  
Traffic capacity calibration consists of adjusting, first, global and, then, local link specific capacity related parame-
ters of the simulation model. The goal of this step is to make the model able to reproduce the capacities observed in 
the field. Route choice calibration consists of adjusting the route choice parameters to allow the model to reproduce 
the observed traffic flows. As for the capacity calibration, a two-step procedure is suggested in which global and 
then local route choice related parameters are adjusted. The final part of the calibration task, as it is described by 
Dowling et al. (2004), calibration of the traffic performance involves adjustment of parameters of the simulation 
model to make the model representative of the observed traffic situation in terms of speed, queues and other traffic 
performance indicators of interest in the present study.   
Route choice calibration is closely related to the applied traffic assignment principles, i.e. the method used to 
translate the demand data to traffic flows in the network during the simulation. Traffic assignment principles are 
covered by Vejdirektoratet (2010). An introduction to dynamic traffic assignment is given by Chiu et al. (2010). 
Traffic simulation models are stochastic. Consequently, model runs initialized using different random number 
generator seeds will give different results and conclusions have to be based on the results of multiple model runs. An 
important issue is therefore to decide on a suitable number of simulation runs to allow reliable conclusions to be 
drawn. Several guidelines present a method for selecting the appropriate number of simulation runs based on confi-
dence intervals for normally distributed variables (Archer and Cunningham, 2005; Dowling et al., 2004; For-
schungsgesellschaft für strassen- und verkehrswesen 2006; Vejdirektoratet 2010). Archer and Cunningham (2005) 
and Vejdirektoratet (2010) also suggest use of at least 10 simulation runs with different random number seeds. The 
Highways Agency (2007) recognizes that conducting multiple simulation runs during the calibration process is time 
consuming. To save time, it is suggested that a set of simulation runs is performed at an early stage of the calibration 
process. Based on the results of these simulation runs, the Highways Agency recommends that one single simulation 
run, or random number seed, can be selected for use during the calibration. The selected random number seed 
should give results that are close to the mean of the set of initial simulation runs. Note that there is no guarantee that 
the selected random number seed produce results that are close to the mean in the alternatives analysis. This will 
depend on the changes made to the network and the traffic demands. 
The key issue during the calibration task is to select suitable parameters to adjust. Dowling et al. (2004) propose a 
strategy in which the parameters of the simulation model is divided into parameters that one is confident about and 
therefore not willing to change and parameter that one is less confident about and therefore willing to change. The 
Highways Agency (2007) presents a list of common parameters in traffic simulation models. Approximate parame-
ter values and graphs showing acceleration and deceleration as function of speed for typical passenger cars and 
heavy vehicles are also presented by the Highways Agency to assist the choice of suitable parameter values. Sug-
gested parameter values are also included in the calibration guidelines given by Vejdirektoratet (2010).  A reference 
focused on the problem of choosing suitable parameter values is the report by Archer et al. (2008). 
A common problem, identified by e.g. Dowling et al. (2004), is insufficient data available for the model calibra-
tion. This issue is often not covered by the guidelines. An exception is the calibration process recommended by   
Forschungsgesellschaft für strassen- und verkehrswesen (2006). In this process description, it is stated that at least 
two independent traffic datasets are needed to both calibrate and validate the simulation model. If only one dataset is 
available the model can be calibrated but not validated and if no traffic data is available it is not possible to calibrate 
or validate the model. The reliability of the results from a simulation model that has not gone through calibration 
and validation is limited. 
It deserves to be mentioned that there is a vast number papers from the last decade that are dedicated to calibra-
tion of traffic simulation models. The reviewed guidelines contain few references to such papers and it is conse-
quently unclear if the state-of-the-art in model calibration is reflected in the guidelines. 
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3.6. Model validation 
There are two types model validation. First, it is necessary to validate the traffic simulation software package that 
is used for the study. Secondly, the model of the facility under consideration needs to be validated. Software valida-
tion can be neglected when using established and accepted traffic simulation packages.  Validation of the model of 
the facility under consideration is however still necessary. 
Model validation is in the guidelines often integrated with the guidance given for the calibration task. A reason 
for this disposition can be the similarities between the calibration and validation tasks. A comparison between the 
simulation results and measured traffic data is a central part of both tasks.  
However, calibration and validation are equally important to assure reliability of the simulation results. The role 
of the model validation task is to confirm that the simulation model is indeed a representative description of the traf-
fic system that is modelled and not only able to reproduce the traffic performance described by the calibration data-
set. It is consequently essential that the calibration and validation datasets are independent. This is reflected in the 
description of the calibration and validation tasks by Forschungsgesellschaft für strassen- und verkehrswesen 
(2006). 
 The importance of the model validation task is also recognized by the Highways Agency (2007). The Highways 
Agency recommends that the model validation should be adjusted to the aims and scope of the simulation study. A 
list of suggested traffic performance indicators to be evaluated is also given by the Highways Agency. 
Notably, Dowling et al. (2004) do not include a validation task in their description of the traffic simulation study 
workflow. A reason for this can be that Dowling et al. only take into account software validation and that use of 
established and accepted software is assumed. The treatment of model validation is a significant difference between 
the guidelines that will have an impact on the reliability of traffic simulation study results. 
3.7. Alternatives analysis 
The work within the alternatives analysis task can be described as follows: 
x Set up alternatives to be simulated based on the aims and scope of the study 
x Describe the alternatives. For each alternative define and document initial study questions and hypotheses 
x Define the traffic performance indicators that will be used to answer the study questions and test the hypotheses. 
Verify that the required results are available and stored during the simulation.  
x Decide on the desired confidence level and effect size (i.e. the minimum distinguishable difference between the 
performance indicators of the different alternatives). Compute the required number of simulation runs needed to 
achieve the desired confidence level given the effect size. 
x Run the simulations of the alternatives and perform statistical analysis to answer the study questions and test the 
hypotheses. 
Dowling et al. (2004) suggest that the alternatives analysis task should consist of a set of subtasks similar to the 
bullet list above. An important issue discussed by Dowling et al. is that to allow reliable comparisons of the alterna-
tives, care must be taken to avoid biases in the results. Ideally, there should be no congestion at the boundaries of the 
simulated network. Similarly, no congestion should extend past the simulated time period. Dowling et al. also state 
that it is crucial that the analyst is aware of how the performance indicators are calculated by the simulation soft-
ware. The importance of this issue is motivated by the fact that traffic performance indicators, in some cases, are 
defined differently by different traffic analysis tools. A comparison of different definitions of traffic performance 
indicators are given by Dowling (2007).  
The central limit theorem implies that statistical methods for normally distributed variables will be of use for 
analyses involving mean values based on a set of simulation runs. In general, it is methods for comparisons of be-
tween subjects’ samples that are of primary interest.  Dowling et al. (2004) gives an introduction to these methods. 
3.8. Forecasting future traffic demand 
The task of forecasting future traffic demand is, in connection with the alternatives analysis, given specific atten-
tion by Dowling et al. (2004).  This task involves estimation of future traffic demands for the alternatives of the 
study based on a travel demand model or traffic growth factors.  Forecasting future traffic demand is also discussed, 
in a dedicated chapter, by the Highways Agency (2007). An important issue discussed by the Highways Agency is 
the applicability of the parameter values resulting from the calibration process for simulation of future traffic situa-
tions during the alternatives analysis. There may be a need for different parameter values to represent a future traffic 
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situation resulting from a significant growth in traffic demand. It may also be necessary to adjust, for example, the 
traffic signal control to the future traffic situation. In other words, an “all other things being equal” assumption is 
questionable during analyses of future traffic situations including significant changes in traffic demand. This uncer-
tainty gives rise to a need for sensitivity analyses of the assumptions made during the model construction task. 
4. The new Swedish traffic simulation guidelines 
None of the guidelines analysed in Section 4 can be used “as is” for the new Swedish traffic simulation guide-
lines. The guidelines analysed focus on different aspects and some of the guidelines contain parts that are connected 
to specific traffic simulation software packages, e.g. Vejdirektoratet (2010). Dowling et al. (2004) cover the largest 
number of aspects of the analysed guidelines. There are however important aspects such as model validation that are 
not discussed by Dowling et al.. Moreover, there is a need for country specific guidelines in the local language. In 
Sweden, guidelines written in English would be a possibility. However, there is a risk that the usage of guidelines in 
English will be limited. The need for county specific guidelines is not only due to language issues. Local traffic 
rules and regulations will also have to be taken into account in the guidelines. 
The existing Swedish traffic simulation guidelines are focused on specific aspects of traffic simulation studies. 
Archer et al. (2008) focus on the problem of choosing parameter values during the model calibration task. The aim 
of Archer and Cunningham (2005) is to facilitate a common understanding of traffic simulation between the com-
missioning and performing parties of a study. There is consequently a need for more general Swedish traffic simula-
tion guidelines. 
The new Swedish guidelines will follow the workflow description presented in Section 2. For many of the tasks 
in the workflow, there are parts of the guidelines found in the literature that can be utilized directly or adjusted to 
Swedish conditions. Other tasks require development of new guidelines, e.g. calibration and validation based on 
limited real world traffic measurements. 
The guidance given by Dowling et al. (2004) for formulation of the study aims will be used as a basis for the 
Swedish guidelines for this task. Suggestions to be given regarding the geographical and temporal scope of the study 
will consist of a combination of the advice given by the Highways Agency (2007), Dowling et al. (2004), Archer 
and Cunningham (2005) and Vejdirektoratet (2010). The guidelines for selecting type traffic analysis tool for the 
study at hand will also be inspired by these references. 
A presentation of the required input data for a traffic simulation study will, in the new Swedish guidelines, use 
the table presented by Archer and Cunningham (2005) as a starting point. Parts of the advice given by the Highways 
Agency (2007) and Vejdirektoratet (2010) will also be utilized. 
The model verification task will be described in a similar way as in the presentations by the Dowling et al. (2004) 
and the Highways Agency (2007). Dowling et al. and the Highways Agency contain analogous descriptions of the 
model verification task. 
Guidelines for the model calibration task will use the description by Dowling et al. (2004) as a starting point. A 
process description similar to the one presented by Forschungsgesellschaft für strassen- und verkehrswesen (2006) 
will be adopted to put focus on the need for several independent datasets to increase the reliability of the model pre-
dictions. There is also a need to discuss suitable statistical methods for the model calibration task given a limited 
number of available datasets. A list of common parameters and suggested parameter values should be includes as 
well. Such a list could be based on the parameter list presented by the Highways Agency (2007) and the discussion 
by Archer et al. (2008). 
The model validation task will be discussed in a dedicated section in the new Swedish guidelines to highlight the 
importance of this task for the reliability of the simulation results. A process description similar to the one by For-
schungsgesellschaft für strassen- und verkehrswesen (2006) will be adopted to describe the relationship between the 
calibration and validation tasks. 
Dowling et al. (2004) give thorough guidelines for the alternatives analysis task. The new Swedish guidelines for 
the alternatives analysis task will be inspired by the presentation by Dowling et al.. To some extent there is a need to 
adjust the description to fit the Swedish setting. Suggested performance indicators should for example correspond to 
the performance indicators of the Swedish highway capacity manual. 
Forecasting future traffic demand is an important task in a majority of traffic simulation studies. Demand fore-
casting for traffic simulation will therefore be discussed in a separate section of the Swedish guidelines. This section 
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will be inspired by the forecasting chapter by the Highways Agency (2007) and the discussion by Dowling et al. 
(2004). 
In addition to guidelines related to the different tasks in a traffic simulation study, the new Swedish traffic simu-
lation guidelines will also include more specific guidelines regarding traffic simulation of different types of road 
traffic facilities. A set of example applications will also be presented. 
5. Conclusions 
Increasing traffic volumes leading to high degrees of saturation and the introduction of ITS have brought a need 
for traffic analysis tools that are capable of representing traffic dynamics and the performance of new technologies 
under various traffic conditions. Traffic simulation has therefore become an increasingly important tool. To increase 
the reliability of traffic simulation based analyses and to allow comparisons between studies there is a need of guide-
lines for traffic simulation.  
In this paper, the tasks in a traffic simulation study have been discussed and a survey of guidelines for traffic 
simulation has been presented. The guidelines found in the literature have been analysed with respect to the guid-
ance given for the different tasks in a study. The guidelines analysed focus on different aspects and none of the 
guidelines cover all of the aspects analysed. Many of the guidelines focus on the aims and scope of traffic simulation 
studies and the model calibration task. Other tasks are given less attention. This is indicated by the length of the dif-
ferent sections in the survey presented in this paper. There are also large similarities between the guidelines. The 
need for guidelines in the local language seems to be an important factor for the development of some of the guide-
lines. A significant difference between the guidelines that has been identified is the treatment of the model valida-
tion task. Some guidelines do not include model validation in the simulation study workflow; this will have a 
negative impact on the reliability of the traffic simulation results. To increase reliability, a task for validation of the 
simulation model for the facility under consideration in the study at hand should be included in the workflow de-
scription. 
In Sweden, there is an on-going development of a new highway capacity manual. Guidelines for traffic simula-
tion will be included in the new manual. The Swedish guidelines for traffic simulation can to large extents be based 
on the guidelines found in the literature. For some tasks, e.g. model calibration when the amount of available data is 
limited, it becomes necessary to further develop the existing guidelines. The next steps of the work presented in this 
paper are to perform this development and to compile the new Swedish traffic simulation guidelines.  
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